Redshift and velocity dispersion of the cluster of galaxies around NGC 326 by Werner, P N et al.


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2 P.N. Werner, D.M. Worrall and M. Birkinshaw
Table 1. Observational details; adapted from Table 1 in Worrall et al. (1995)
Object Name(s) Coordinates (J2000) Exp.(s) Date observed
R.A. Dec.












300 21 Feb 1995






































300 24 Feb 1995




















































Table 2. Redshifts obtained from emission lines.
Object Emission lines used z
(em)
G2 H, [O III] 4958, [O III] 5007, 0:0462 0:0001
[O I] 6300, [N II] 6583, H,
[S II] 6716, [S II] 6731
G3 [O III] 4363 0:0487 0:0008
G5 [O III] 5007, H, [S II] 6716, 0:0457 0:0004
[S II] 6731

















G1-1 14206 37 0:0474 0:0001  96 -0.16
G1-2 14832 48 0:0495 0:0002 500 0.83
G2 13840 41 0:0462 0:0001  447 -0.75
G3 14582 29 0:0486 0:0001 262 0.44
G4 13504 33 0:0450 0:0001  768 -1.28
G5 13842 62 0:0462 0:0002  445 -0.74
G6 15575 30 0:0520 0:0001 1209 2.02
G7 14404 33 0:0480 0:0001 93 0.15
G8 13986 28 0:0467 0:0001  307 -0.51
the galaxy show that the emission lines are slightly stronger
in the o-axis spectra, indicating a likely association of the
photoionising stars with spiral arms.
4 REDSHIFTS FROM ABSORPTION LINES
We measure the absorption redshifts of the galaxies by the
standard method of cross-correlating their stellar spectra
with the stellar absorption-line spectrum of an object of
known redshift (Tonry & Davis 1979). The cross-correlation
was carried out using the IRAF task FXCOR in the RV
package. Information about the observing conditions from
the observing log, and trial-and-error cross-correlations, in-
dicated that the spectrum of G7 was a good template against
which the relative velocities of the other cluster members
could be measured. To provide absolute velocities, a previ-
ously processed, high-quality, normalised, zero-velocity spec-
trum of NGC 4486B was correlated with the spectrum of
G7.
Before carrying out the cross-correlation, emission fea-
tures, any remaining cosmic ray hits, and the broad tel-
luric absorption feature around 7600

A resulting from at-
mospheric oxygen were deleted from the spectra.
The cross-correlation of G7 with NGC 4486B yielded a
velocity for G7 of V = 14404  33 km s
 1
(corresponding
redshift: z = 0:0480  0:0001), with an unambiguous and
narrow correlation peak, implying a satisfactory t.
Having obtained an absolute velocity for G7, all ob-
ject spectra were smoothed by the boxcar method using a 5
pixel ( 8

A) smoothing window, and cross-correlated with
the unsmoothed spectrum of G7. The spectral range 5000 {
6500

A (containing the strong Mg feature) was best suited
for the cross-correlation. In some cases, a slightly smaller
range was used to avoid regions of excessive noise. The re-
sults from this procedure are shown in Table 3. The emis-
sion and absorption redshifts for G2, G3 and G5 are in good
agreement.
5 VELOCITY DISPERSION
We used the data in Table 3 to compute the mean red-
shift and the velocity dispersion of the cluster of galaxies
using the method described in Danese, De Zotti & di Tullio
(1980). The two cores of NGC 326 were treated indepen-
dently, bringing the total number of galaxies to nine. As the
sample is small, uncertainties are dominated by the sampling
(
2
) term in equation (10) of Danese et al. The measurement
errors of the individual redshifts have an almost insignicant
eect on the result for the velocity dispersion.
The average velocity of the cluster was found to be
cz = 14307 224 km s
 1
, equivalent to an average redshift
of z = 0:04770:0007. The one-dimensional line-of-sight ve-





, yielding a three-dimensional physical velocity dis-
persion of  = 1037 (+427; 241) km s
 1
.
The last two columns of Table 3 list the velocities of
the galaxies relative to the cluster velocity, V
rel
, in units of
km s
 1
and in units of line-of-sight velocity dispersion 
z
.
They show that the velocity of core 1 of NGC 326 (the radio
core) is near to the cluster velocity, indicating that the radio
source is not moving quickly in the gas. The velocity of G6 is
found to dier from the cluster velocity by slightly more than
2
z
. Leaving it out of the calculations leads to signicantly
reduced one- and three-dimensional velocity dispersions of
419 (+178; 79) and 725 (+329; 178) km s
 1
, respectively.
However the justication for dropping it from the cluster
membership is weak because there is a 39 per cent probabil-
c
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de V. et al. 1991 14138 59 | |
D. & C. 1995 14313 36 14822 25 509 44
This paper 14206 37 14832 48 549 38
b
a
listed as redshift (0.0471 and 0.0495, respectively)
b
obtained by cross-correlating the two cores rather than by cal-








6.1 Earlier measurements of the velocity of
NGC 326
Three previous redshift measurements for NGC 326 are com-
pared with our results in Table 4.
The earliest measurement, from H and K absorption
features in the two components of NGC 326, appears in a
list of 51 galaxies identied with radio sources in the 4C
catalogue where NGC 326 is 4C26.03 (Sargent 1973). The
absence of errors on these velocities makes it diÆcult to
compare them with our results.
De Vaucouleurs et al. (1991) gives a velocity of 14138
59 km s
 1
, equivalent to a redshift of z = 0:0472  0:0002,
without reference to the dumbbell nature of NGC 326. This
agrees with our result for core 1, the brighter of the two
components.
A more recent redshift measurement was made by
Davoust & Considere (1995) in a study of the kinematics
of galaxy pairs. Their lower and upper velocities for the two
components of NGC 326, 1431336 and 1482225 km s
 1
,
are in adequate agreement with our velocities and suggest
no signicant systematic error in our velocity scale.
6.2 Velocity dispersion and X-ray temperature
Previous authors have found a relation between the velocity
dispersion of a cluster of galaxies and the X-ray temper-
ature of the gas within the cluster. Slightly dierent but
consistent expressions for this relation have been derived
by Lubin & Bahcall (1993), Bird, Mushotzky & Metzler















based on the temperature of kT = 1:9 (+0:9; 0:4)
keV (1 error) found by Worrall et al. (1995). The result is
in good agreement with our measured one-dimensional ve-
locity dispersion, supporting the argument that the X-ray
gas detected by Worrall et al. (1995) is associated with the
cluster containing NGC 326.
6.3 Velocity dispersion and cluster richness
In their study of 43 clusters, Danese et al. (1980) found a cor-
relation between Abell's (1958) richness class and the phys-
ical velocity dispersion, as might be expected if the galaxy
population is a measure of total mass. For richness classes
R = 0, 1 and 2, the mean three-dimensional velocity dis-
persions were found to be 820  64 km s
 1
, 1400  210
km s
 1
and 1760120 km s
 1
, respectively. From our (three-
dimensional) velocity dispersion of  = 1037 (+427; 241)
km s
 1
, it can be deduced that the cluster studied in this
paper falls between the richness classes 0 and 1. A visual
inspection of the optical sky survey image suggests that this
appears to be a reasonable richness estimate for the Western
side of the cluster Zw 0056.9+2636.
7 CONCLUSIONS
In his 1968 catalogue, Zwicky indicated a population of 145
for the cluster Zw 0056.9+2636. Our velocity dispersion (an
indication of Abell richness class) suggests that the galaxies
detected by Zwicky are not all physically associated, because
our measured velocity dispersion is too low. This conclusion
is consolidated by the ndings of Worrall et al. (1995), who
detected X-ray gas only in the Western part of the cluster.
Subdividing the cluster into two halves, the following can be
concluded:
 In the North-Western part of
Zwicky cluster Zw 0056.9+2636, dominated by the dumb-
bell radio galaxy NGC 326, the physical and line-of-sight
velocity dispersions are consistent with the cluster richness
and the X-ray gas temperature. The gas morphology, which
is asymmetric but peaked at NGC 326, and the modest tem-
perature suggest that this cluster segment is rather young.
The radio core of NGC 326 is slowly moving relative to the
mean velocity of the galaxies in the cluster.
 No redshift or velocity dispersion information is avail-
able for the South-Eastern end of Zw 0056.9+2636, which
appears to contain much of the galaxy count, but little hot
gas. The physical relationship of this galaxy concentration
with the cluster around NGC 326 remains unclear.
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